Endoscopic sinus surgery is a rapidly advancing area of Otolaryngology. Operations can be lengthy and are often performed by a single surgeon. Repetitive movements can also lead to muscular fatigue. To mitigate against this, we regularly deploy two retractable Flexi™ compact leads, one bigger than the other connected together and suspended from the theatre operating light arm using velcro ties. The leads are then wrapped around the endoscope using a cotton crepe bandage, in a double loop with a reef knot. The larger lead attaches to the focus/zoom adjustment part of the endoscopic camera, and the smaller lead attaches to the scope 20 cm from the tip allowing the scope to float when suspended, with a slight downward tilt towards the patient. The mechanical effect this produces allows an advantageous reduction in the scope's weight from 404 g un-suspended, to 65 g with the setup described. This subsequently reduces stress on the elbows, shoulders neck and lumbar spine. The Swansea Floating Endoscopic Assistant adheres to basic ergonomic principles and has the potential for application in other areas of Otorhinolaryngology and Skull Base Surgery.
Introduction
Sino-nasal surgery has undergone many advances over the last hundred years with the introduction of the endoscope [1] . Single surgeon endoscopic sinus surgery (ESS) is performed with the operator holding the endoscope in the non-dominant hand with instruments in the other hand. Constant weight bearing, handling and manipulation of the camera-endoscope assembly unit for protracted periods of time can result in operator fatigue or discomfort. It has been noted that performance can be adversely affected with increased muscular workload [2] . Systematic reviews and ergonomic analyses looking at the musculoskeletal stresses, and how they affect endoscopic nasal surgeons are lacking. There are, however, principles derived from general ergonomic knowledge that can be applied in the context of ESS. Statham et al. performed an ergonomic analysis of musculoskeletal fatigue in microsurgery for Otolaryngologists. The setup is slightly different to ESS procedures but the principles are similar. High-risk postures that can induce further musculoskeletal injury are those that add strain to the neck and torsional forces to the shoulders. Ideal postures retain the arms and feet supported with shoulders in a not-raised, neutral anatomic position [3] . The National Institute of Occupational Safety and Health identified individuals who work with static loads, involved in repetitive movements and identified that they were more likely to experience of work-related musculoskeletal disorders of the neck, upper extremity and lower back [4] . A recent survey focusing on ESS revealed 80% of surgeons experience musculoskeletal Reports 2018, 1, 22 2 of 6 symptoms [5] . The health and safety executive estimate 8.9 million working days are lost due to work related disorders in the United Kingdom [6] .
One ESS operation can take up to two hours and one surgeon may perform multiple operations in the course of a full day operating list [7] . This repetitive stress predisposes a surgeon to musculoskeletal injury. A recent study showed that 83% of Otolaryngologists are affected by musculoskeletal problems [8] . Musculoskeletal injury is also prevalent in laparoscopic surgery and a 2009 ergonomic study showed that 86.9% of laparoscopic surgeons experienced physical discomfort from operative surgery [9] .
In order to address these ergonomic issues, our group has developed the Swansea Floating Endoscopic Assistant (SFEA) with the aim of reducing operator strain and muscular fatigue.
Methods/Surgical Technique
This technique is used with the surgeon in the standing position. We accept that ESS can be performed sitting, but in our experience, and due to our theatre setup and training, all our surgeons stand for ESS. The setup includes two retractable Flexi™ compact leads (Flexi, Charlotte, North Carolina, United States) one bigger than the other are joined together using a cotton tie (Figure 1) . A velcro tie is used to attach the larger Flexi retractor to the arm of the operating theatre light, thus suspending it. This allows the two retractors to line up in a vertical plane, with the large device higher than the smaller one so they can operate in synchrony unimpeded ( Figure 2 ). Leads are wrapped around the endoscope using cotton crepe bandage, in a double loop with reef knot (Figures 3 and 4) . The larger lead attaches to the focus/zoom adjustment part of the endoscopic camera, and the smaller lead attaches to the scope 20 cm from the tip from the tip around the locking mechanism of the flat Stammberger telescope handle (Storz, Tuttlingen, Germany). In this way the user can switch between different angled endoscopes to view all relevant sinuses without significant interruption. The setup allows the endoscope to float when suspended with a downward tilt towards the patient. Mechanical advantage reduces the scope's weight from 404 g unsuspended to 65 g with the setup as described. This makes the equipment nearly weightless to the operator, and does not confine movement. The leads are cleaned but not sterilised between procedures.
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The device we use is unlicensed, and although we are aware of this we have not had any problems in its deployment in approximately 600 procedures over the last 10 years for endoscopic sinus procedures including complex frontal sinus explorations (Draf 2b-3, Modified Lothrop procedure) and combined approach fronto-ethmoidectomy with good effect, and in the vast majority of cases excellent outcomes. The trainees who have used this technique have found this to aid their movements and has reduced musculoskeletal stress at the end of an all-day operating list. Our department represents the tertiary referral centre for complex sinus surgery in South Wales, UK and so our experience is from a breadth of referrals across a wide demographic. The device we use is unlicensed, and although we are aware of this we have not had any problems in its deployment in approximately 600 procedures over the last 10 years for endoscopic sinus procedures including complex frontal sinus explorations (Draf 2b-3, Modified Lothrop procedure) and combined approach fronto-ethmoidectomy with good effect, and in the vast majority of cases excellent outcomes. The trainees who have used this technique have found this to aid their movements and has reduced musculoskeletal stress at the end of an all-day operating list. Our department represents the tertiary referral centre for complex sinus surgery in South Wales, UK and so our experience is from a breadth of referrals across a wide demographic. Endoscope camera setup connected to retractable assembly by 2 crepe bandages secured with 2 reef knots at each end. Note the larger retractable lead is attached to the camera end and the smaller lead is attached to the endoscope end.
Discussion
There are increasing accounts of surgeons suffering from operative related physical discomfort. A 2011 survey showed that 77% of surgeons performing ESS suffer from physical discomfort and the location of this discomfort was mainly in the shoulders, arms and neck. 63% reported lacking knowledge of ergonomic principles. The same study also highlighted the lack of information regarding sinus surgery ergonomics and the need to reduce the long-term repetitive strain injuries [10] . Another study reported of those that experiences musculoskeletal discomfort 60% were due to neck and back [5] .
A systematic review of ergonomics in ESS found that an arm support could be beneficial as this minimised the stress on the neck, shoulder and lumbar spine [11] . While we accept that an arm support (such as a covered mayo table) either deployed when the operator is sitting or standing is a useful adjunct, however our technique is a better assist to ESS by reducing the effective weight of the endoscope and therefore allowing greater range of motion for the operating surgeon ( Figure 5 ).
Lessons learned from laparoscopic surgery to ESS include adjusting the table to keep hands in line with elbow +/−10 cm, keeping the arms slightly abducted and internally rotated, limiting wrist flexion, deviation and rotation to <15 degrees and gently resting the shaft of the endoscope at superior nasal vestibule when able [12] . Our described technique is setup to keep the elbows in line with the hands, and given the nature of the straps, the natural resting position is one of slight abduction in the arms and internal rotation which limits wrist flexion while the straps take the weight. This reduces the stress on the shoulders, arms and neck (Figures 5 and 6 ). Through the mechanical advantage of using pulleys, this system provides an effective reduction in weight of the rigid endoscope therefore reducing muscular and neurophysiological fatigue. This is further supported by studies demonstrating an association between prolonged neck flexion and the presence of neck pain [13, 14] . The relaxed neck and shoulder position maintains neutral posture and limits the strain on these core muscles ( Figure 6 ).
Lessons learned from laparoscopic surgery to ESS include adjusting the table to keep hands in line with elbow +/−10 cm, keeping the arms slightly abducted and internally rotated, limiting wrist flexion, deviation and rotation to <15 degrees and gently resting the shaft of the endoscope at superior nasal vestibule when able [12] . Our described technique is setup to keep the elbows in line with the hands, and given the nature of the straps, the natural resting position is one of slight abduction in the arms and internal rotation which limits wrist flexion while the straps take the weight. This reduces the stress on the shoulders, arms and neck ( Figures 5 and 6 ). Through the mechanical advantage of using pulleys, this system provides an effective reduction in weight of the rigid endoscope therefore reducing muscular and neurophysiological fatigue. This is further supported by studies demonstrating an association between prolonged neck flexion and the presence of neck pain [13, 14] . The relaxed neck and shoulder position maintains neutral posture and limits the strain on these core muscles ( Figure 6 ). 
Conclusions
The muscular strain encountered through performing ESS can be significant over the course of a career, due in part to non-adherence to ergonomic principles. The SFEA alleviates some strain and allows for the unencumbered and fluid movements needed during ESS. The SFEA has the potential for application in other areas of otolaryngology, such as Skull Base and Endoscopic Ear Surgery. The SFEA is not a finished product which needs to conform to operative standards of safety and hygiene, however its advantages highlight the need for such devices through improved ergonomics resulting in better surgeon performance. Funding: This research received no external funding.
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